ABSTRACT: Antenatal maternal anxiety has been shown to be related to infant temperament, childhood disorders, and impulsivity in adolescence. This study prospectively investigated whether antenatal maternal anxiety is associated with performance on a continuous performance task. Sixty-four adolescents (mean age, 15 y; 34 boys, 30 girls) were examined with a computerized continuous performance task (CPT) measuring sustained attention. Results showed that the CPT performance of boys of mothers with high levels of state anxiety during the 12th to 22nd postmenstrual week of pregnancy declined as the task progressed: their processing speed became slower and the variability in their reaction times increased. The study controlled for the possible confounding influences of postnatal maternal anxiety, the parents' educational level, and intelligence. Establishing a link between antenatal maternal anxiety and an objective measure of sustained attention/self-regulation, our results extend the growing evidence for an association between antenatal maternal anxiety and the neurobehavioral development of the offspring up into adolescence. A growing number of studies provide evidence that child development is negatively related to heightened maternal anxiety and stress during pregnancy (1-3). Prospective longitudinal studies, using behavioral questionnaires and clinical scales administered at several moments during development up to 9 y of age, revealed that children of mothers with high anxiety during pregnancy had more difficulties with cognitive, behavioral, and emotional self-regulation as expressed in infant difficult temperament, attention regulation problems, hyperactivity, clinical diagnosis of ADHD, ADHD symptoms, conduct disorders, and emotional problems (4 -9). One explanation for these observations, which is based on experimental studies in rodents and other animals, is that, during sensitive periods of development, disturbing factors (hormones related to maternal anxiety and/or stress) exercise organizational effects that constrain the malleability of biologic systems that ultimately can predispose to disorder (10,11).
A growing number of studies provide evidence that child development is negatively related to heightened maternal anxiety and stress during pregnancy (1) (2) (3) . Prospective longitudinal studies, using behavioral questionnaires and clinical scales administered at several moments during development up to 9 y of age, revealed that children of mothers with high anxiety during pregnancy had more difficulties with cognitive, behavioral, and emotional self-regulation as expressed in infant difficult temperament, attention regulation problems, hyperactivity, clinical diagnosis of ADHD, ADHD symptoms, conduct disorders, and emotional problems (4 -9) . One explanation for these observations, which is based on experimental studies in rodents and other animals, is that, during sensitive periods of development, disturbing factors (hormones related to maternal anxiety and/or stress) exercise organizational effects that constrain the malleability of biologic systems that ultimately can predispose to disorder (10, 11) .
At present, it is not clear during which prenatal period the human fetus is most sensitive to the negative influence of the mother's emotional state. O'Connor et al. (7, 8) found anxiety at 32 wk of pregnancy to be related to behavioral and emotional problems of both boys and girls, whereas anxiety at 18 wk of pregnancy was only in girls associated with these problems. In the second wave of their longitudinal study, Van den Bergh and Marcoen (9) pinpointed 12-22 wk as the only important period predictive of ADHD symptoms and externalizing and internalizing problems. In the first part of the third wave of this study, maternal anxiety during this period was found to be related to impulsivity during performance on a divided attention task and to lower scores on two intelligence subtests (12) .
This article represents a second part of the third wave of the prospective study of Van den Bergh and Marcoen (9) and is aimed at investigating whether a relation can be established between maternal anxiety during pregnancy and a specific aspect of self-regulation (sustained attention) in 14/15-y-old adolescents.
In the CPT used, sustained attention is understood as the ability to self-sustain mindful conscious processing of stimuli whose repetitive, nonarousing qualities would otherwise lead to habituation and distraction to other stimuli (13) . Successful performance on a CPT requires that one is able to endogenously (i.e. autonomously, from within oneself and without external sources) modulate alertness by resisting to potentially distracting stimuli (13, 14) . It is thought that both structurally and functionally the organization of the medial PFC (including the ACC) is ideally to participate in this kind of "willed control" of behavior (15) or in "effortful" (16) , "volitional (not necessary conscious) control" (17) concepts closely related to self-regulation.
METHODS
Participants. Eighty-six healthy mothers and their firstborn children started the longitudinal study (9, 12) . Sixty-four mother-child pairs participated in the current part of the third wave. This group comprised 33 boys and 31 girls, mean age was 15 y (range, 14.54 -15.54 y; SD ϭ 3 mo). All babies were born in hospital between 36 and 41 wk of gestation. Their mean birth weight was 3326.56 g (SD ϭ 482.15 g).
The ethical committee for experiments on human beings of the University Hospital Gashuisberg, Leuven, approved the study. All participants gave their informed consent.
Antenatal maternal anxiety. At 12-22, 23-31, and 32-40 wk of pregnancy, anxiety of the mother was measured using the Dutch version of the State Trait Anxiety Inventory (STAI), a self-report questionnaire (18, 19) . Trait anxiety refers to a disposition or proneness to react with anxiety, whereas state anxiety refers to a transient emotional state, characterized by subjectively experienced tension and an increased activity state of the autonomous nervous system. Because the state anxiety subscale provides a valid measure of the intensity of transitory anxiety in response to real-life stress (20) , state (and not trait) anxiety was used in the present investigation of the effects of antenatal maternal anxiety.
All analyses were carried out with two anxiety groups: a low-to-averageanxiety group (state anxiety score Ͻ75th percentile) and a high-anxiety group (state anxiety score Ն75th percentile). Percentiles were calculated for each successive period of pregnancy during which the questionnaire was administered.
Sustained attention/self-regulation. Because of its extremely slow presentation rate, we used the CPT O/Q task that was used in the study by Van der Meere et al. (21) . Moreover, this task is presented with a variable interstimulus interval so participants cannot anticipate for the next trial. This is important inasmuch as the ability to anticipate on forthcoming trials may camouflage attentional deficits (22) . In the task, the letter O was presented in the middle of a computer screen. During the test, which lasted 24 min, the O changed 57 times into a Q and back to the letter O. Participants were instructed to press a button (spacebar) as fast as possible as soon as the O changed into a Q. The presentation time of the target letter Q was either 8, 4, or 2 s. The time between two Qs ranged from 10 to 52 s, with an average of 24 s. Each participant received a 2-min training session before the experiment started. The CPT was introduced after the training and participants were asked to complete the test without interruption. During the test, the experimenter was seated outside the visual field of the participant. Talking during the experiment was not permitted and was ignored if initiated by the participant.
The mean reaction time (measure of processing speed), the SD of the reaction time (SD; measure of consistency in responding and ability to sustain attention), the number of omissions (no response when target letter Q appeared; measure of inattention), and the number of commissions (response when O was present; measure of hyperactivity/impulsivity) were used as dependent measures in our analyses. In our design, time-on-task was operationalized by comparing the first 4 min of the task execution (block 1) with the last 4 min (block 6). This is because sustained attention problems are defined as a performance decline over time. However, this decline is generally not a linear function because subjects protect their performance over time by mobilizing extra effort. Therefore, comparing the first with the last block of task performance provides an index of the maximal decline over time.
Data analysis. The relationship between maternal state anxiety at each of the three pregnancy periods and the CPT measures was examined with analysis of covariance (MANCOVA and subsequent ANCOVA). A significance level of 0.05 was used.
Potential covariates. Because the three anxiety periods were intercorrelated (see Table 1 ), we included the maternal state anxiety measures of the two other pregnancy periods as covariates in the analysis for each maternal state anxiety measure. Other included covariates were postnatal trait anxiety, which correlated with all three prenatal state anxiety measures, the parents' educational level, and age of the adolescents, which were significantly correlated with different measures of task performance in block 6 of the CPT (for the parents' educational level: mean reaction time: r ϭ -0.27, p ϭ 0. Finally, to verify whether results on the CPT could not be reduced to differences in intellectual abilities between adolescents of high versus lowaverage anxious pregnant mothers, the standard scores of both vocabulary and block design [Weschler Intelligence Scale for Children (WISC-R)] (23, 24) were entered as covariates in all analyses. This procedure is justified by the fact that adolescents of highly anxious pregnant women indeed showed lower cognitive abilities as measured with these two tasks (12) .
RESULTS
Descriptives for prenatal state anxiety measures. The mean state anxiety scores for the total group differed depending on the pregnancy period (see Table 1 for descriptive statistics). State12-22 was higher than state 23-31 (t ϭ 3.0, p Ͻ 0.003) and State 32-40 (t ϭ 2.2; p ϭ 0.027). State 23-31 and state 32-40 did not differ (t ϭ -1.0; p ϭ 0.31). The anxiety scores in our research population are similar to those in the nonclinical female Dutch community sample described in the STAI manual (19) . The 75th percentile calculated for each anxiety period approximately equals decile 7 (for state 1222) and decile 6 (for state 23-31 and state 32-40). Decile 7 includes scores ranging from 41 to 45, decile 6 includes scores from 38 to 40.
Sustained attention/self-regulation. The relationship between each prenatal maternal state anxiety measure and the dependent variables of the CPT was first analyzed with repeated measures (M)ANCOVA, with anxiety as betweensubjects variable and time-on-task (block 1 versus block 6) as within-subject variable. As indicated above, in (M)ANCOVA of each state anxiety measures the two other state anxiety measures as well as postnatal trait anxiety, the intellectual abilities of the adolescents, parental educational level and age of the children were entered as covariates. However, as pointed out by Van den Bergh and Marcoen (9), it could be that boys of highly anxious mothers are more at risk for developing self-regulation problems and behavioral disorders than girls of highly anxious mothers. Therefore, the analyses were recalculated with gender as a second betweensubjects factor. The general MANCOVA for state 12-22 was significant (F(4,50) ϭ 5.50, p Ͻ 0.001). Individual ANCOVA then resulted in significant state 12-22 ϫ gender ϫ time-ontask interactions for both mean reaction time (F(1,53) ϭ 5.61; p ϭ 0.02) and the SD of the reaction time (F(1,53) ϭ 13.12; p Ͻ 0.001). As can be seen in Figure 1 , the mean reaction time and the SD of the boys in the high-anxiety group increased as the task proceeded. This was confirmed statistically by planned comparisons analysis of the interaction between state 12-22 and time-on-task in both boys and girls separately. 
DISCUSSION
This study investigated the hypothesis that adolescents of mothers who experienced high levels of anxiety at 12-22 wk of pregnancy show more difficulties with sustained attention/ self-regulation than adolescents of pregnant mothers with low or moderate anxiety levels in that period. Our results confirmed this hypothesis for boys but not for girls. These results are particularly robust inasmuch as the study controlled for confounding factors such as intellectual abilities of the adolescents, maternal anxiety in the two other pregnancy periods, postnatal maternal anxiety, the parents' educational level, and age of the adolescents. The results of this study imply that maternal anxiety may change the developmental path of the child from before birth. Whether this path leads to pathology probably depends on the genetic liability of the child, on specific positive and negative characteristics of the postnatal environment, and interaction with caregivers (25) .
Significant associations with antenatal maternal anxiety were found in the mean reaction time and SD of the reaction time but not in the number of errors they made. Although there was no difference in reaction time or variance of reaction time at the beginning of the task, boys of mothers who were highly anxious during the 12th to 22nd week of pregnancy responded significantly more variably near the end of this long and tedious task. In addition, they responded slower as the task proceeded. These results indicate that boys of highly anxious mothers were less able to sustain their attention and stay focused to the task at hand. The fact that these results were found after controlling for the scores on vocabulary and block design indicates that maternal anxiety is associated with sustained attention/self-regulation independent of the intellectual abilities measured in these two intelligence subtests.
One interpretation of the performance on the CPT holds that boys in the high-anxiety group were not optimally aroused (or motivated) to perform the task because the stimuli were not intense or appealing enough to attract their attention. However, as mentioned in the introduction, successful performance on a sustained attention task requires that one is able to endogenously modulate alertness by resisting to potentially interfering effects or distracting stimuli (13, 14) in such situations. Therefore, a complementary interpretation holds that, during the processing of stimuli with repetitive, nonarousing qualities, boys in the high-anxiety group were less able to resist to such emerging internal and external distractions, resulting in more off-task behavior (e.g. thinking about other things, looking away) and more variable reaction times. These results fit previous results of our study (12) where it was shown that adolescents of highly anxious mothers were unable to endogenously generate response control processes in a divided-attention task. This kind of endogenous control is also needed to perform successfully in a CPT. Thus, it seems that the ADHD deficit triggered by antenatal maternal anxiety only appears in tasks that challenge the executive processes by which behavior must be internally regulated (26) . The distinction between endogenous and exogenous response control processes receives support from the fact that several functions involving the PFC have been shown to involve different areas depending upon whether they were externally or internally generated (12, (27) (28) (29) .
The observed sustained attention difficulties could possibly be ascribed to medial PFC (including ACC). However, the deficit could also be related to a dysfunction of subcortical systems interacting with PFC such as the basal ganglia, thalamus, limbic system, and brainstem, as indicated by blood flow and electroencephalographic studies (30) .
We found the period between 12 and 22 wk postmenstrual age to be critical in revealing an association between maternal anxiety and sustained attention/self-regulation in boys. In humans, important brain developmental processes such as neuron proliferation, migration and differentiation take place between 8 and 24 wk postmenstrual age in brain areas connected to the PFC (e.g. hippocampus, amygdala, ACC, brainstem, basal ganglia) (31) (32) (33) . Therefore, it is plausible to state that later PFC functioning may be altered by physiologic correlates of the mother's emotional state when the latter brain circuits were developing. However, we do not know what the level of antenatal maternal anxiety was before 12 wk of gestation.
Strengths and limitations. A strength of the current results is that they corroborate results concerning self-regulation problems (9) , impulsivity, and deficits in endogenous inhibition (12) . High maternal anxiety between 12 and 22 wk was related to self-regulation problems as expressed in ADHD symptoms (inattention, impulsivity, disinhibition), externalizing problems (conduct disorders, aggression), and internalizing problems (emotional inhibition and lability, high subjective distress in novel situations) in 8/9 y olds. Our results particularly corroborate the results on ADHD symptoms in the 8/9 and 14/15 y olds for the following reasons: 1) A drop in performance efficiency over time (related to inappropriately timed and poor response control) on CPT is a hallmark of ADHD (34) . 2) Behavioral genetic studies consider variable responding on CPT to be the phenotype of ADHD (35) .
3) The present finding that boys and not girls of highly anxious pregnant mothers performed worse on the CPT bolsters the clinical observations that many more boys than girls have ADHD (36) . Thus, based on the present results, it is tempting to suggest again that, under certain conditions, high antenatal maternal anxiety plays a role in the etiology of ADHD. Most probably the interaction between the genetic susceptibility of the mother and/or her offspring and the physiologic variables associated with antenatal maternal anxiety are crucial (9) .
Caution is needed with respect to the results for the girls because there were only 5 girls in the highly anxious group compared with 11 boys, resulting in high error variances and making it difficult to observe/interpret any effects. The results regarding the boys are to be considered particularly strong for two reasons. First, there was no difference in maternal anxiety level between boys and girls in the high-anxiety group. Second, just like boys of highly anxious mothers, girls of highly anxious mothers were shown to be susceptible to the negative influence of their mother's emotional state during pregnancy in all waves of the study up to now. In addition, it has to be noted that the total high-anxiety group, comprising only 16 subjects, is rather small.
In conclusion, the results of this study corroborate the evidence provided by a growing number of studies that maternal emotional states during pregnancy can influence cognitive, behavioral, and emotional development of the fetus, child, and even the adolescent.
